The purpose of the present study was to investigate the effect of a collagen/β-tricalcium phosphate (COL/β-TCP) composite on osteoblast growth and proliferation. The COL/β-TCP composite was prepared by mixing COL type I with β-TCP, in 1:1 (w/w) ratio and conditioned as sponge by freeze-drying. The osteoblast culture was obtained from rat calvaria bones by enzymatic digestion and cells were seeded in the COL/β-TCP composite. The cell morphology and viability, alkaline phosphatase and osteocalcin, as markers of osteoblast proliferation were evaluated at 3, 7 and 25 days of culture. Histological sections revealed that cell colonization progressively increased inside the COL/β-TCP scaffold, and osteoblasts had a random distribution throughout the scaffold. Cells cultured into the COL/β-TCP scaffold presented osteoblast phenotype, intense staining of alkaline phosphatase and increased production of osteocalcin. Transmission electron micrographs revealed intimate contacts between osteoblasts and the scaffold. MTT test indicated that the viability of the cells cultivated in the presence of COL/β-TCP scaffold was similar to that of the control. All these results show that our COL/β-TCP composite act as a good substrate for rat osteoblast proliferation and migration and could be a promising substitute for bone repair.
Introduction
The bone matrix is a natural composite material which consists of calcium phosphate in the form of hydroxyapatite (HAp) crystals (~75% dry weight) and COL (~22% dry weight), proteoglycans, small amounts of lipids and peptides [1] . Specific bone cells are required for tissue formation and resorption processes that appear to be physiologically coupled during life time.
When large bone defects occur as a result of trauma, infections or tumours, autografts [2] or bone graft substitutes [3] are necessary to regain bone integrity. The predominant materials for obtaining medical devices used in bone defects have been metals and synthetic polymers [4, 5] . At the same time, implants on the basis of ceramics and glass have been clinically used, for many years, to fill bone tissue losses [6] [7] [8] . In vivo adverse reactions induced by synthetic materials and poorly results obtained with single phase materials are to be solved through composite material technology using biocompatible polymeric and inorganic components for developing bone substitutes [9, 10] .
Therefore, resorbable composite materials that mimic the composition and structure of bone, containing COL type I fibrils and calcium phosphate crystals were prepared [11, 12] . On one hand, a variety of COL scaffolds were developed in order to improve composite biocompatibility [13, 14] . Among these, COL sponges were found to be good osteoblast carriers, generating functional 3-D cell-matrix-constructs for bone tissue engineering [15] . On the other hand, HAp (Ca 10 (PO 4 ) 6 (OH) 2 ) and TCP (Ca 3 (PO 4 ) 2 ) had the ability to improve new bone formation in experimental and clinic investigations, due to their osteoconductive properties
In vitro behaviour of osteoblast cells seeded into a COL/β-TCP composite scaffold [16] . The ceramic content was shown to influence the composite properties [17] . Also, the crystal size should be similar to the nanometer size of the apatite from the natural bone, in order to increase the protein adsorption and the osteoblast adhesion [18] . Several studies have demonstrated a better conductivity, osteocompatibility and resorption rate for β-TCP than for HAp [19, 20] . Moreover, HAp is limited in use because of its brittleness and difficult processing [21] .
Previous in vivo studies have showed that COLcalcium phosphate composites can act as bone substitutes [22, 23] . Investigations on osteoblast phenotype and their differentiation ability have been performed after biomaterial implantation. Still, these studies provided uncertain evidences because of the complexity of the numerous variables involved in in vivo experiments. Cell cultures represent the ideal system in order to comprehend the substrate-cell interaction and the biocompatibility of the tested composite.
In this study, we have investigated the effect of a COL/β-TCP composite, conditioned as a 3-D porous scaffold on the growth, proliferation and differentiation of a rat osteoblast primary culture. Cell morphology and viability, before and after their seeding in the scaffold, was investigated, characterized and discussed.
Experimental Procedures

Synthesis of col/β-TcP scaffold
A COL/ β-TCP porous composite was prepared as previously described [24] . Briefly, a COL type I solution (0.6% w/v) was mixed with β-TCP dissolved in phosphate buffered saline (PBS) in the presence of 0.2 M HEPES (5% w/v), in a weight ratio of 1:1 (w/w). This mixture was incubated at 35°C and conditioned as sponges by freeze-drying at -50°C, for 48 h.
cell Isolation and Seeding in the col/ β-TcP scaffold
Osteoblasts were isolated from calvaria (frontal and parietal) bones of newborn rats (1-2 days) by enzymatic digestion method [25] . Briefly, bone fragments were cut into 1-2 mm 3 pieces and digested 4 times with 2 mg/ml collagenase IA (Sigma) and 0.25% trypsin (Sigma) for 20, 40, 60 and 90 min, respectively. Isolated cells were seeded in Petri dishes with Dulbecco's Modified Eagle's Medium (DMEM) containing 10% fetal calf serum, 2 mM L-glutamine and 1% antibiotic mixture. After incubation at 37°C, 5% CO 2 , confluent cells were trypsinised and subcultured in the same culture medium supplemented with 50 µg/ml ascorbic acid (Sigma) and 10 mM β-glycerophosphate (Sigma).
Rat osteoblasts from the first passage of the primary culture were injected into the COL/β-TCP scaffolds (2x10 6 cells/cm 2 ) and cultured in DMEM medium for 24 h. Then, 50 µg/ml ascorbic acid and 10 mM β-glycerophosphate were added in the culture medium. Scaffolds with osteoblasts were maintained for 3, 7 and 25 days in normal culture conditions. The animals were maintained, used and sacrificed in accordance with the Romanian governmental guidelines for ethics in animal experiments (Order No. 143/400 from 24.09.2002).
Von Kossa Staining
The cell culture were washed twice in PBS and fixed in 4% paraformaldehyde in PBS for 10 min. Von Kossa staining was performed as described [26] .
Alkaline Phosphatase Histochemistry
Cell culture and cell-seeded COL/β-TCP scaffolds were fixed with 4% paraformaldehyde in PBS, for 10 min. After two washes in PBS, alkaline phosphatase activity was detected according to the manufacturer's protocol (Roche Diagnostics GmbH). After histochemical staining, cell-seeded COL/β-TCP scaffolds were fixed again in 4% paraformaldehyde in PBS and processed for paraffin embedding.
Histological Evaluation
COL/β-TCP composite scaffolds injected with rat osteoblasts were fixed in 4% para-formaldehyde in PBS and subsequent processed for paraffin inclusion. Sections were stained with Harris' hematoxylin.
osteocalcin Immunohistochemistry
Osteocalcin secreted by rat osteoblasts seeded in COL/β-TCP scaffold was detected by indirect immunoperoxidase method using rabbit anti-osteocalcin polyclonal antibody (dilution 1:100) (Chemicon). The secondary antibody used was peroxidase conjugated goat anti-rabbit antibody (Chemicon). Sections were counterstained with Harris's hematoxylin.
Transmission Electron Microscopy
COL/β-TCP scaffolds injected with osteoblasts were fixed with 2.5% glutaraldehyde in 0.1M sodium cacodylate, pH 7.4, post-fixed in 1% osmium tetroxide in the same cacodylate buffer, dehydrated and embedded in Epon 812. Ultrathin sections were stained with uranyl acetate and lead citrate and then visualized at an electron microscope (208S Phillips/FEI, Holland), operated at 80 kV.
cell Viability
Cell viability was quantitatively determined by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) test [27] . Briefly, cells were seeded in 24-well culture plates, at a density of 1x10 5 cells/ml and cultured in the presence of the composite, for 24 h and 72 h, respectively. After each period of time, the culture medium was replaced with MTT solution and incubated at 37°C, for 3 h. Then, 1 ml isopropanol was added to dissolve the intracellular formazan crystals formed in the viable cells. The absorbance at 570 nm was registered using an Jasco V-530 spectrophotometer. Cells cultured without scaffolds were used as a control. The results were reported as percentage from the control (100%). The experiments were performed in triplicate.
Results
cell culture Morphology
Cells isolated from newborn rat calvarial bones were evaluated in monolayer by alkaline phosphatase histochemistry and Von Kossa staining which indicated their osteogenic phenotype and mineral deposition, respectively. Most of the adherent cells expressed alkaline phosphatase into cytoplasm, after 21 days in culture ( Figure 1A ). Cells derived from calvaria of newborn rats, cultured at confluence in presence of 50 µg/ml ascorbic acid and 10 mM β-glycerophosphate exhibited different size nodules with positive reaction to Von Kossa staining after 21 days. The mineralization capacity of these cultures was indicated by the presence of phosphate deposits that are stained black with Von Kossa ( Figure 1B) . 
Morphology of cells Seeded in col/β-TcP scaffold
The osteoblast phenotype was evaluated by histology, alkaline phosphatase histochemistry, osteocalcin immunohistochemistry and electron microscopy. Histological sections stained with hematoxylin revealed that cell colonization inside porous COL/β-TCP sponges progressively increased with incubation time. After 3 days of cultivation, the osteoblasts had a random distribution throughout the scaffold. Inside the scaffold cells were found single (Figure 2A ) or in small clumps (Figure 2B ), the majority of cells being associated with walls of scaffold. Cells were polygonal or spindle-shaped, having euchromatic nuclei with 1-2 nucleoli and light basophilic cytoplasm. The cell density increased after 7 and 25 days inside the COL/β-TCP scaffold ( Figure 2C ).
To evaluate whether cells maintained osteoblast phenotype after culture in COL/β-TCP scaffold, the osteoblast-specific markers, alkaline phosphatase and osteocalcin were examined.
Histochemical staining showed that cells cultivated in the COL/β-TCP scaffold exhibited an intense staining of alkaline phosphatase, after 3 and 7 days (Figure 3 ).
The production of osteocalcin was confirmed by immunohistochemical staining. Cells cultured for 3 days ( Figure 4A ) and 7 days ( Figure 4B ) inside the COL/β-TCP scaffold showed an intense intracytoplasmic labeling with osteocalcin antibody.
Transmission electron microscopy observations demonstrated the presence of cells inside the COL/β-TCP scaffold ( Figure 5A ). The nuclei of some osteoblasts showed deep invagination and the cytoplasm contained mitochondria, rough endoplasmic reticulum and many vesicles that demonstrated a secretory activity. Moreover, some osteoblasts were found to extend cellular filopodia that made intimate contact with COL/β-TCP scaffold ( Figure 5B ).
cell Viability
The results of the MTT assay are showed in Figure 6 . The viability of rat osteoblasts cultivated in the presence of COL/β-TCP scaffold was slightly higher than the control. The percent of viable cells was 108% after 24 hours of culture, and 109% after 72 hours.
Discussion
The interest in temporary bone substitutes is that they allow a mechanical support until the tissue has regenerated and remodeled itself naturally. Furthermore, they can be seeded with specific cells, and the rate of degradation and absorption of these implants by the body can be controlled [12] . It is important for bioresorbable material to be osteoconductive and osteoinductive, to guide and to encourage de novo tissue formation [28] .
In this work we have studied the behaviour of rat osteoblasts in a porous biomaterial based on COL type I and β-TCP in a weight ratio of 1:1. Previous studies revealed that the addition of calcium salts to collagen sheets gave them a good stability and enhanced their mechanical properties [29] . Particular attention in COL/β-TCP association must be given to the ratio between COL and TCP. We previously demonstrated that the association of COL with β-TCP in three ratio variants (1:1, 1:2 and 1:4) determines stable composites which prevent β-TCP dispersion in medium, resulting in an easily moulded biomaterial. Scanning electron microscopy revealed that these biocomposites present a microporous structure with small white aggregates of β-TCP, scattered in the collagen framework without any preferential orientation [24] . In addition, we established as optimum the 1:1 and 1:2 ratios of COL/β-TCP after human fibroblast viability assessment by the MTT method. Biochemical and histological methods demonstrated that both materials acted as good scaffolds for human dermal fibroblast proliferation and migration in vitro [30] . In agreement with these findings, recent studies on bone substitutes have shown that the tight bonding between β-TCP particles and collagen fibrils in the composite was reproducible when β-TCP/ COL ratio ranged from 2 to 4 [17] . From our knowledge, the weight ratio of 1:1 between COL and β-TCP and the effect of this sponge on a primary culture of osteoblasts derived from newborn rat calvarial bones has not been previously reported.
For bone substitutes it is essential to determine the interaction with bone forming cells. Osteoblasts have been shown to be more sensitive to these biomaterial interactions than fibroblasts [31] . In this study osteoblasts presented an osteogenic phenotype and mineralization capacity before seeding in COL/β-TCP scaffold. It is known that in vivo, mineralized nodule formation indicates that osteoblasts secrete substances which impregnate themself with HAp to form bone substance [32] .
Osteoblast adhesion and proliferation into COL/β-TCP composite were examined during a long period of time (25 days). The results indicate that the COL/β-TCP sponge has a favourable interaction with cells, it stimulates both the proliferation of rat osteoblast cells and the synthesis of the osteoblast markers (alkaline phosphatase and osteocalcin). Good biocompatibility of this scaffold was also demonstrated by MTT assay, with a high percentage of viable cells observed. These findings corroborated the histological examination, which indicated clearly that cell density progressively increased with incubation time. Cultured osteoblasts retained their phenotype throughout the duration of experiment. Other authors reported similar in vitro results about the behaviour of cultured osteoblasts on different scaffolds, such as porous nanoHAp/COL/alginate composites [31] and macroporous poly(3-hydroxybutyric acid-co-3 hydroxyvaleric acid) matrices [33] . Additionally, 3-D COL scaffolds have been observed to act as a physical support structure and as an insoluble regulator of biological activity that affects cell migration, contraction and division [34] .
conclusions
COL/β-TCP composite that we designed has a threedimensional microporous structure which stimulates osteoblast infiltration, adhesion and growth in its alveolar network. This highly biocompatible composite is a promising candidate for bone tissue engineering. We consider that the culture system used in this study may represent a good in vitro model for biocompatibility testing of materials used in bone regeneration.
